This study investigated the effect of the number of pregnancies on bone mineral density (BMD) in 320 post-menopausal women aged between 49 and 64 years. Cases were selected from people with similar lifestyles and stratified into five groups according to the number of pregnancies. Each group was divided into two subgroups according to the duration of the menopause (3 -5 years versus 6 -10 years). Lumbar (L2 -L4) and femoral neck BMD were measured by dual-energy X-ray absorptiometry and T-score values were used in the statistical evaluation. No significant difference was found between the number of pregnancies and BMD within each group based on the same menopause duration, but a significant correlation was found in most groups based on menopause duration: T-scores decreased as menopause duration increased. Changes in BMD are likely to be related to menopause duration, rather than the number of pregnancies.
Introduction
Actual bone mass is determined by the peak bone mass and the rate of bone loss. 1, 2 Peak bone mass is influenced by genetic as well as environmental factors such as nutrition, physical exercise, certain physiological conditions, diseases and drugs and, in women, typically occurs in their early thirties. Pregnancy and lactation often occur during or before this. 3 A substantial number of publications have reported on the changes in bone mineral density (BMD) during pregnancy and lactation. 4 -9 Evidence for the effect of the number of pregnancies on BMD is, however, scarce and conflicting. Based on the available studies, the relationship between pregnancy and bone mass is complicated and poorly defined. 4 -9 Theoretically, bone mass might decrease due to increased calcium use in pregnancy, but it might increase in the third trimester due to high levels of oestrogen, or it might increase due to the weight gain associated with pregnancy. Publications suggest the loss of maternal minerals during lactation 8 -10 but, despite the bone loss during the first 6 months of lactation, subsequent recovery is generally the normal outcome. 10 -12 This effect on bone loss might become significant as a result of prolonged lactation and multiple pregnancies. It has, however, been reported that calcium displacement does not last long and is completely restored after lactation and between pregnancies. 13, 14 The aim of the present study was to determine the effect of the number of
Patients and methods

PATIENTS
This study was conducted in cases presenting to the Osteoporosis Clinic of the Medical Faculty, Yuzuncu Yil University (Van, Turkey) from April 2007 to December 2010. The study was approved by the Ethics Committee of Yuzuncu Yil University. All participants gave their written informed consent.
Initially, post-menopausal women between the ages of 45 and 64 years were evaluated as to whether they met the study inclusion and exclusion criteria, and were enrolled in the study. The following risk factors were recorded: personal history of fracture; family history of fracture in firstdegree relatives; smoking and alcohol behaviour; white race; older age; oestrogen deficiency (menopausal age of < 45 years, surgical menopause, amenorrhea for < 1 year in the pre-menopausal period); low calcium intake; history of frequent falls; inadequate physical activity; dementia; poor general state; fatigue; inadequate vision; hyperthyroidism; hyperparathyroidism; malignancy; malabsorption; inflammatory joint disease; renal and liver disease; posttransplantation; idiopathic hypercalciuria; vitamin D deficiency; and drug use affecting bone metabolism (glucocorticoids, cyclosporin, anticonvulsant, heparin, methotrexate, azathioprine and thyroid hormone).
The exclusion criteria were: menarche after 15 years of age; low or high body mass index; breastfeeding for < 6 months; and drug use positively affecting bone metabolism (oestrogen, calcium, bisphosphonates, calcitonin, selective oestrogen receptor modulators and vitamin D).
DATA COLLECTION
A subgroup of the enrolled women who met the inclusion criteria underwent laboratory investigations including erythrocyte sedimentation rate, complete blood count, fasting blood glucose, urine analysis, urea, creatinine, alkaline phosphatase, γ-glutamyl transaminase, albumin, calcium, phosphorus, vitamin D, free triiodothyronine, free thyroxine and parathyroid hormone. Of this subgroup, only those women with normal test results were included in the study. BMD of the lumbar vertebrae (L2 -L4) and the femoral neck were measured by dual-energy X-ray absorptiometry (Norland XR-46 model; Norland Co., Fort Atkinson, WI, USA).
The cases were grouped into five groups according to the number of pregnancies: group 1, nulliparous; group 2, 1 -3 pregnancies; group 3, 4 -6 pregnancies; group 4, 7 -9 pregnancies; and group 5, ≥ 10 pregnancies. Each group was divided into two subgroups according to the duration of the menopause, because this might affect the results: one group consisted of women in their third to fifth post-menopausal year; the other group consisted of women in their sixth to tenth post-menopausal year. The number of live births was accepted as the number of pregnancies. Each case had a mean breastfeeding period of ≥ 6 months for each pregnancy.
STATISTICAL ANALYSES
The data were expressed as mean ± SD (minimum and maximum). Statistical analyses were carried out using the SPSS ® statistical package, version 13.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . The difference between the groups for the mean menopause duration was analysed using the factorial analysis of variance. Then, the Tscore differences between the groups were 
Results
In total, 1400 post-menopausal women between the ages of 45 and 64 years were enrolled in the study; of these, 410 met the inclusion criteria and underwent laboratory investigations. A total of 320 women aged 49 -64 years had normal test results and were included in the study. The range for the number of pregnancies was 0 -15. The cases were grouped according to the number of pregnancies and the duration of the menopause ( Table 1 ). The youngest age for menopause was 45 years and the oldest was 54 years. There was no significant difference between the groups in terms of menopausal age (data not shown).
With regard to the BMD assessment, L2 -L4 T-scores were significantly lower in the groups with pregnancy numbers of 1 -3, 7 -9, and ≥ 10 in the group with a menopause duration of 6 -10 years versus the equivalent pregnancy number groups with a menopause duration of 3 -5 years (P < 0.01; Table 2 ). When the groups with different pregnancy numbers in women with a menopause duration of 3 -5 years were compared, a significant difference was found in the L2 -L4 T-score between the group with 7 -9 pregnancies and the group with ≥ 10 pregnancies (P < 0.01). There were no significant differences between the other pregnancy groups among women with a menopause duration of 3 -5 years. In the group with a menopause duration of 6 -10 years, the L2 -L4 T-scores were significantly lower in the group with a pregnancy number of 7 -9 versus all other pregnancy number groups (P < 0.01). There was also a significant difference between the nulliparous group and the 4 -6 pregnancy group (interestingly, the 4 -6 pregnancy group had significantly higher T-score values; P < 0.01). There was no significant difference between any of the other groups based on pregnancy number among women with a menopause duration of 6 -10 years.
The mean femoral neck T-scores were significantly lower in all pregnancy number groups with a menopause duration of 6 -10 years versus the equivalent pregnancy number groups with a menopause duration of 3 -5 years (P < 0.01; Table 3 ). In the group with a menopause duration of 3 -5 years, there was a significant difference between the group with 7 -9 pregnancies versus both the nulliparous group and the group with 4 -6 pregnancies (P < 0.01), but there was no significant difference between the other O Hiz, L Ediz, I Tekeoglu Bone mineral density and number of pregnancies Significant difference between the group with 7 -9 pregnancies versus the group with ≥ 10 pregnancies in women who had a menopause duration of 3 -5 years (P < 0.01). c Significant difference between the group with 4 -6 pregnancies versus the group with 0 pregnancies in women who had a menopause duration of 6 -10 years (P < 0.01). d Significant difference between the group with 7 -9 pregnancies versus all other pregnancy groups in women who had a menopause duration of 6 -10 years. Significant difference between groups with equivalent numbers of pregnancies who had a menopause duration of 6 -10 years versus those who had a menopause duration of 3 -5 years (P < 0.01). b
TABLE 3: Femoral neck T-scores of post-menopausal Turkish women, grouped according to number of pregnancies and duration of menopause, in a study of bone mineral density and number of pregnancies
Significant difference between the group with 7 -9 pregnancies versus both the group with 0 pregnancies and the group with 4 -6 pregnancies in women who had a menopause duration of 3 -5 years (P < 0.01).
O Hiz, L Ediz, I Tekeoglu Bone mineral density and number of pregnancies
groups. In the group with a menopause duration of 6 -10 years, there were no significant differences between the subgroups based on number of pregnancies.
Discussion
Most studies on the relationship between pregnancy and BMD have focused on the change in BMD during pregnancy and lactation. For example, More et al., 3 in a study that prospectively assessed changes in BMD during pregnancy, lactation and after weaning, in which participants were grouped according to the duration of lactation, reported a decrease in the BMD as the lactation period was prolonged. Naylor et al. 15 reported an increase in the BMD at cortical sites and a decrease at trabecular bone sites during pregnancy. Lamke et al. 16 reported a loss in trabecular but not cortical bone during pregnancy, measuring two sites on the radius. Others have reported decreased BMD at the radial shaft or no change in the BMD of the radius. 17 -19 Lumbar spine BMD has been shown to decrease by 3.3% during pregnancy. 3, 19 Sowers et al. 20 found no significant change in the BMD of the proximal femur with pregnancy. In contrast, More et al. 3 reported a significant loss, both in trabecular bone BMD and in cortical-site BMD during pregnancy. Shahtaheri et al. 21 described early temporary bone loss through trabecular thinning that recovered entirely by term. One study reported a 15% mid-radial bone loss between the 2nd and 16th week of lactation in a teenage group. 22 Another two studies noted a striking loss in BMD during the first 6 months of full lactation with subsequent recovery from this loss. 10, 11 Furthermore, more recent studies have noted that, although there is loss of bone mass during lactation of 6 months, it usually recovers during the subsequent 6 months, after weaning. 23 -26 More et al. 3 suggested that calcium needed for fetal skeletal growth during pregnancy was utilized from maternal trabecular and cortical sites; however, the mechanisms that are involved in this loss and the duration of loss require further study.
The findings of these previous studies are complicated and conflicting. There is no consensus on the relationship between reproductive history and BMD. Studies have focused on BMD change during pregnancy and not on the relationship with the number of pregnancies. There has been no classification for the number of deliveries, menopause duration and age group. In addition, risk factors that could cause a decrease in BMD have not been analysed in detail. Gur et al. 27 noted that this conflict may be related to the methodology, the classification of the number of deliveries and the age group of the selected population. Besides, they reported that the number of deliveries had not been taken into consideration in previous studies. They divided their cases into four groups for the number of pregnancies and into two groups for age. They recorded -but did not exclude -the risk factors for osteoporosis. The present study was designed to show the changes in BMD with the number of pregnancies, within a certain age range and for duration of menopause. It was noted that the women's activity status and age could affect the results, so only an active population aged < 65 years was included. Thus, the BMD decrease due to senility and inactivity was excluded. Risk factors for osteoporosis were recorded in detail, and the cases were classified according to the duration of menopause and the number of pregnancies. The exclusion criteria were comprehensive in order to separate out the effect of the number of pregnancies on BMD from other causes.
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All the other risk factors were excluded with the exception of white race, and the cases were stratified into five groups for the number of pregnancies and into two subgroups for the duration of menopause. Thus, the effect of menopause duration on BMD was studied.
Knowledge of the relationship between BMD and the number of pregnancies is controversial. Smith 28 reported that femoral measurements in women with ≥ 4 children were higher than those of women without children. Fox et al. 29 found a significant increase in radial bone density in the elderly population as the number of deliveries increased. Melton et al. 30 noted that the number of pregnancies had a positive impact on BMD. Although these studies have reported a positive relationship between the number of pregnancies and BMD, others report no relationship. For example, Walker et al. 31 did not find a difference in metacarpal cortical sites between women who were nulliparous or with one child and women with > 6 children. Similarly, Kritz-Silverstein et al. 32 suggested that the number of pregnancies was not related to BMD in an elderly group (women > 60 years of age). Hreshchyshyn et al. 33 reported that femoral neck BMD decreased as the number of deliveries increased; however, there was no such change in the lumbar vertebrae.
Although some differences were found between some groups in the present study, there was no significant relationship between the number of pregnancies and the BMD in most groups. The lowest L2 -L4 Tscore in the group with a menopause duration of 3 -5 years was in the group with ≥ 10 pregnancies, whereas the lowest femoral neck T-score was in the group with 4 -6 pregnancies. The lowest L2 -L4 and femoral neck T-scores in the group with a menopause duration of 6 -10 years were both in the group with 7 -9 pregnancies.
Gur et al. 27 found a striking correlation between lumbar BMD and the number of pregnancies in patients < 60 years of age, but not in femoral BMD. Although they reported an inverse relationship between the number of pregnancies and lumbar and femoral BMD in women > 60 years of age, 27 no such correlation was found in the present study. While there was no significant correlation between the number of pregnancies and the T-scores, however, a significant correlation was found in most groups based on menopause duration (i.e. T-scores decreased as menopause duration increased). A wide range of exclusion criteria were used in selection of the patients in the present study, in an attempt to measure the effect of the number of pregnancies and menopause duration on BMD. One of the limitations of the present study was that it was assumed that the number of live births was the same as the number of pregnancies; however, retrospective history taking was not reliable as the pregnancy rates of the region were quite high.
The number of pregnancies and lactation period are related to each other and it is difficult to distinguish their individual effects on BMD. Thus, it may be necessary to assess them together. It was not possible to determine the exact total duration of lactation and, therefore, statistical data were not presented. Lactation was not considered as a variable factor as all cases were chosen from mothers with lactation duration of ≥ 6 months after each pregnancy.
In conclusion, no significant relationship was noted between the number of pregnancies and BMD among women with the same menopause duration, in which the risk factors for osteoporosis were minimized. When the groups with two different menopause durations were compared,
